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INTRODUCTION 


The production of beryllium metal and its alloys is one of the most. 
difficult tasks in metallurgy. In this report we shall examiné the prog- 
ress made in this work in the last 15 years, taking into account the out~ 
standing publications, including those of the patent literature, and the 
information obtained during our 20 years! experience with this metal. 


The difficulties experienced in producing elementary beryllium de- 
rive from the physical nature as well as from the chemical behavior of 
-the metal and its compounds. Its oxygen affinity is about the same as. 
that of calcium and a little higher than that of magnesium. Its chlorine 
affinity is much lower than that of magnesium, about equal that of man- 
ganese, and little higher than that of aluminum. The sulfur and nitrogen 
affinity is probably almost the same as that of calcium for these elements, 
and beryllium carbide is probably more stable than aluminum carbide, Al),C;. 
The intermetallic affinity of beryllium may be given in descending order, 
as follows: . Nickel — copper —- iron. It forms eutectics with aluminum and 
gilicon as well as with silver. ' It does not alloy with magnesium and only 
partly with calcium. Its oxide melts at 2,570° C., but CaO and Bad form 
readily fusible eutectics with Be0( 65) .3/ No igneous solvents are known 
for BeO, which behaves in this regard like MzO. “The beryllium silicate is 
a strong compound, the aluminate much less so; however, CaO easily dis- 
piaces BeO in the heated mixtures. The anhydrous chloride hydrolyzes, and 
it cannot be made from aqueous liquors. It sublimes at 488° C. and melts 
at 405°C. The fluoride, which is very soluble in water, hydrolyzes also, 
out a kind of oxyfluoride of the approximate formula 2 Be0*5 BeFo can be 
made fron solutions by dessication. The fluoride melts at 800° C. and boils 
above 1,100° C.' It forms very stable double fluorides with alkalifluorides, 
which have very low melting points and aré fairly soluble in water. They 
are more stable than the epee pees acaes and the sodium fluoaluminate 
cryolite. ; 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from Bureau of 
Mines Information Circular 7326." | 

2/ Consulting metallurgist, Bureau of Mines, Albany, Oreg. 

Figures in EeSgeeeeee refer to items in the bibliography at the end of 
this paper. , 
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To produce the metal, there are a number of ways that have been used 
with variable success. They are, essentially, reduction of the chloride,, 
fluoride, or double fluoride with magnesium, calcium, lithium, potassium, 
or sodium. The electrolytic reduction of these beryllium salts in an in- 
ert flux is commonly used. The oxide has been reduced with titanium in a 
vacuum. Literature mentions the reduction by nascent hydrogen(17) in an 
arc by low-pressure hydrogen(84), the dissociation of the nitride or car- 
bide, and the electrolysis in liquid ammonia (6, 7) or that of Grignard 
reagente- 


The methods for making alloys are, mainly, the reduction of beryllium 
halogenides with magnesium, calcium,. sodium, lithium, aluminum in the pres- 
ence of a base metal, or with its alloy with the reducing agent. The fusion 
electrolysis with a molten-metal cathode has been proposed, as well as the 
reduction of oxide with calcium or magnesium in the presence of a heavy 
metal. The reduction of the oxide with carbon in presence of copper or 
nickel is now common practice. 


METHODS FOR PRODUCING THE METAY, 
‘Oxide Reduction 


Kroll showed(60) that titanium reduces BeO in a -high vacuum, and that 
a highegrade metal can be made in this way. However, the simultaneous vola- 
tilization of TiO interferes with the purity of the product. Calcium and 
magnesium reduce BeO only superficially. These metals can readily be made 
by the reverse ra@action between metallic beryllium and their oxides either 
at high temperature and atmospheric PECESUEE: or at lower temperature in a 
Vacuum « . 


Carbon reduces BeO ‘at 1, 500° C. to BeoC. The carbide may be dissoci- 
ated at a still higher tenmperature(27, 50). As beryllium boils at 2,900° 
C.(90), the arc must be very hot to carry out the volatilization, and most 
of the metal vapor may condense on colder carbon parts, where it may recom 
bine. A number of patents refér to this carbon reduction and dissociation 
(55, 62, 63), and it is common practice of the inventors to include beryl- 
‘‘Jium in any reduction process for magnesium in which carbon is used as re- 


.. ducing agent. However, beryllium is of a very different nature from magne—- 


siun, as it forms a stable carbide and is much less volatile. The recovery 
of beryllium from a carbon—bearing condensate like that obtained in the 
Eonsgirg magnesium process, in which it would be mostly tied up as carbide, 
is Convers no easy task. 


Dissociation methods 


if the nitride could be made:-cheaply, it saulaaserhace: be dissociated 
at high temperature in a vacuum(28, 50). The analogy with aluminum nitride 
is apparent, as is the possible use of a kind of Serpek process. The beryl- 
lium iodide dissociation method(88) was a failure because this compound at— 
tacks glass and has too high a dissociation temperature. A number of beryl- 
lium alloys, made by the methods described later, could be used for thermal 


606 sy 1 es 


Google 


1.C. 7326 


dissociation in a vacuum. Zine(3, 4) and silver~beryllium alloy would ‘te. 
suitable for this purpose. Copper and nickel beryllide, which would be 
most: easily available, are too stable. The boiling points of aluminum, man- 
goncse,.and silicon are too clase to that of beryllium to permit a fair 
seoaration from these metals, with which beryllium alloys readily. 


Fluoride Reduction 


Kroll suggested this method in 1929(57) and used lithium or magnesiun 
eas reducing agente Losano(71) applied this method for making a high-purity 
netal.e The idea was revived by Adamoli(1, 2). -The difficulties encountered 
ore these: ‘shen using magnesium or lithium as reducing agent, one has to 
consider the low boiling point of these metals - 1,100° and 1,3309 C., re~ 
. spectively. The welting point of beryllium being 1,284° C.(71), the boiling 
. point, of the reducing agent is readily reached, owing to the considerable 
evolution of heat. Calcium, which boils at 1 4390 C., develops still more 
heat, so that it offers no special advantage. Ono has cither to use ores” 

- sure vessels that withstand the preseure of magnesium vapor at 1,300° C., 
about 5-5 kg. per cme (68 1b. per in.©), which permits obtaining melted 
beryllium; or one operatcs with additions that damp the reaction, such as 
zinc or flux, preferably fluorides. The zinc addition proposed by Cie. 

. Alais-Froges(3, 4) has been adapted by Losano to the reduction of MeF5 - BeF 5 
. nixtures with magnesium as reducing agent, as seen from the analysis Sf the 
metal, which contains 5 percent'Zn(71) and has to be treated at high tempera- 
ture with a flux to volatilize residual zine. The reduction at atmospheric 
pressure, using cither fluxes or double fluorides, yields a sintered metal, 
which has to be remclted. The double fluorides of alkali metals and beryl- 
lium are reduced by nagnosiunm with liberation of sodium and beryllium. Since 
sodiun boils at’ 880° S., only such double fluorides are suitable as contain 
nore than one nol BeFo per mol Wak(3, 4, 57) to minimize sodium fornation. 
Additions of CaF, Mero, SrFo, BaFo, and LiF are more favorable, since they 
are inert eeadnes: magnesium. Sodium has to be disregarded entirely as a re- 
ducing agent for BeF (18), because the double fluoride formed cannot be de- 
composed by sodium beyond Nak BeFo(18). Difficulties arise also from the 
-crucible question. Losano uses sintered beryllia, but graphite is suitable 
_ if impregnated with BeoC and if the beryllium is not melted by the reaction 
heate The difficulties of making pure anhydrous Bef, have been overcome by 
Losano by extraction of the dried aqueous solution with anhydrous alcohol. 
The poisonous nature of the fluorides forces oporation in sealed vessels, 
and the argon gas seal is advisable. 


Chloride Reduction 


Given pure oxide-free BeClo, pure beryllium is easy to make by reduc- 
tion with Na(34), Li, Ca, or Mg. As a rule, however, the technical chloride 
is powdery and badly contaminated with oxide. ‘When handled in the air, this 
fine naterial picks up nore oxide, owing to reaction with moisture, which 
forms HCl and Bed. The ‘oxide may be present in such large quantities that 
remnclting of the reduced beryllium becomes impossible. Schmidt(85) nade, 

by sodium reduction, a metal with 81 pvorcent Be, by Li reduction with 71 
percent Be, the remainder being beryllium oxide. his chloride evidently 
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was badly contaminated with BeO, and he worked on too small a scale, which 
resulted in colloid formation owing tp the low temperature of operation. 
Oxide-free BeCl, can readily be made, dissolved in a flux, by reaction of 
solid, comminutéed, or molten beryllium copper master alloys of the elec- 
vric furnace, using molten copper chloride-~sodium chloride as a reagent. 
Closed vessels and gas seal are recommended in this overation. As BeCl 
sublines at 450° C., inert fluxes are added, which stabilize this salt wp 

to 500° C. by formation of double salts, in which the vapor pressure of 
Bell, is grently reduced. Mixtures of KCl-NaC1=60-H0, which melt at 650° 

C. ond are not hycroscopic, are particularly suitable for this purpose(15). 
che flux, being generally heavier than the light metals used, would burn 
Guring operation in tne open air. Therefore, inert-zas protection is recomn— 
mended(28, 38, 41, 92, 93, 97-99). Hydrogen is suitable for this purpose. 
The reduction of BeClo-Mg briquets in hydrogen is described(32, 39, 40, 92). 


Metal reductions of chlqrides are generally very rapid, and one can 
reduce completely oy using an excess of reagent; however, the main disad= 
vantage of this process, es compared with the fusion electrolysis, is that 
the crystals have no time to frow and are produced in a very fine forn, 
which may even be attacked by water or form colloid(17). Sodium, when used 
as reducing agent, has the tendency of forming fine colloidal material(97~ 
9¢), as described in a French patent(5). Calcium produces coarser metal, 
but it reacts too violently. | 


Much attention has been given the use of magnesium as reducing agente 
-Difficulties: have been found in recovering the finely divided metal from 

the salts. The excess Ng may be removed with NH,C1(91), which suggestion 
was made by Kruss-Morabt(64). Sone patents suggest the use of heavy organic 
liquids to separate oxide or hydroxide from metal, or treatment with weak 
HNOz below 60° C. to extract oxide and other imouritics(17, 47). Berylliun 
bicarbonate dissolution’ is also proposed(&). In all instances the metal is 
produced in the solid state, but it has been claimed that the termerature 
could be raised after the reduction to the melting point of berylliun(97—- 
99). This is.evidently a question of a suitable containers As a whole, the 
magnesium—reduction process locks promising. The fact that MgCl, Licl, 
CaClo, and BeClo are readily soluble in absolute alconol did apparently es- 
cave the attention of the inventors. So is the fact that NaCl, LiCl, KCl, 
and ligClo can easily be removed from the beryllium powder by evaporation in 
e vacuum at about 900° C. eventually followed by fusion of the bervlliunm. 
zhe possible reuse of the anhydrous MgCl, for making magnesium is mentioned. 


According to a suggestion of Kangro(48), BeCl5 can be reduced at low 
temperature with aluminum, because AlClz is more volatile than BeClo. 
Tischer(19) checked this reaction but could not obtain any quantity of 
‘beryllium metal, because, as he claims, BeClo always contains moisture, 
which reacts back with the beryllium produced. The present autnor found 
that aluminum slightly reduces BeClo and that low-grade Be-Al alloys can 
be made’ in this waye. 
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Fusion Electrolysis of the Fluoride 


The fusion electrolysis of the sodium-beryllium fluoride, as described 
bx Lebeau(33, 66, 69), hes a low efficiency, owing to the fact that with 
the depletion of the bath a stabler complex is formed, which is higher in 
vat and finally yields sodium, as shown by Fischer(18). This could be 
avoided to some degree by using a bath very rich in Befo. Unfortunately, 
this salt is an insulator that causes a rise in voltage. The solubility of 
the double fluoride in water is not too good, which makcs the reclaiming 


process. for crystals and electrolyte expensive. 


The classical Stock-Goldschmidt(42) process deserves only mentioning, 
It has been abandoned because of the toxicity of the waste gases and the 
necessity of condensing the fumes to reclaim BeF,. It may be noticed that 
the metal made by this method was compact and dense, as it was melted at a 
contact cathode. The electrolyte was repleted with beryllium oxyfluoride, 
2 BeOed BeF,,- which shows that some BeO is decomposed in the cell operation. 
Yovever, the direct: addition of BeO to the fluoride did not work. The solu- 
bility of BeO in the fluoride bath used, namely Balo°BeF5, is very low. 


The electrolysis of BeO dissolved in cryolite appears frequently in the 
literature. ‘Ye found(20) that BeO is indeed soluble in cryolite, as NaF*BeFo 
is formed with simultaneous precipitation of Al,0,.- However, the berylliun- 
sodium fluoride is a very bad solvent for alumina; end the bath bocomes stiff. 
Aluminum deposits first, and as it reduces BeF, slightly, low-grade Al~Be 
alloy may ultimately be obtained. | 


Chioride Electrolysis 


A stabilizing flux, as described above, is necessary for this operation. 
zne equilibrium diagram BeClo-NaCl has a minimum at 220° C. and 50 mol per= 
cent BeClo, according to Schmidt(85).. Mixtures of KC1-NaC1-LiCl-BeC1,( 52, 
54) may be electrolyzed at 280° C.; but the addition of LiCl, which is hygro- 
sconic, causes foaming and necessitates reclaiming the salts. Furthermore, 
the adjustment of a four-salt electrolyte may prove cumbersome. -A tungsten 
anode may be used below 600° C. (35). This is said to show no anode effect. 
the disadvantages of the fusion electrolysis are the long duration of: the 
operation, which suffers through interference of moisture from the air; the 
chlorine evolution; the operation in batches; and the necessity of remelting 
the metal flakes produced, which are unsuitable for most uses. Nothing is 
won by depleting the bath, as the first crystals always entrap electrolyte, 
which makes reclamation necessary. The residual BeClo is dissolved when 
the crystals are leached and it can be recovered only as oxide. To avoid a 
number of these handicaps, some valuable suggestions have been made. Mois= 
ture of the air, which produces a milky bath, can be avoided by operation 
under hydrogen or in an inert gas or in sealed vesselse The electrolyte may 
be syphoned off after bridging begins(43-l5). <A very coarse metal is made 
in this way by the Deutsche Gold und Silber Scheideanstalt. The electrolyte 
may be repleted after each removal, and the metal crystals may be freed al- 
most completely of BeCls by washing with molten flux, The well-described | 
proposition for making smooth layers of metals by fusion electrolysis at low 
current densities(36) also has been suggested for making Be sheet(83). 
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Most beryllium metal is produced today by chloride electrolysis. The 
BeCenSt ty of remelting the metal for most uses has been accepted as a fact. 


PRODUCTION OF BERILLIUM ALLOYS 
Reduction of BeO With Metals 


Time and again it is claimed that beryllium metal can be made by the 
reduction of the oxide with calcium, magnesium, or aluminum(37, 73). Al- 
though this is not correct for making beryllium metal, alloys can be pro= 
duced in this way. The strong beryllides of nickel, copper, and iron shift 
the equilibrium considerably in facor of beryllium reduction. We found(58- 
60) that fine iron powler mixed with CaCls, BeO, and calcium can be alloyed 
under argon by reduction of the BeO with Eo percent: efficiency calculated 
on the available Be.:-Similar results were obtained with copper and calcium, 
but magnesium gave about half the recovery obtained’ with calcium. CaClo is 
a good solvent for-Ca0, but ’not for Hg. It would not be interesting to 
operate with readily fusible calcium or barium berylliate slags(65), as the 
recovery of BeO from such slags would be quite difficult. Pokorny(77) uses 
Verh e230 5s 2 Ne : . 


_. Aluminum Hoe eank neduee Bed, nor: docs ailicon(58), even when alloyed 
with trons However, in presence of Ba0 ‘the ‘writer was able to reduce BeO. 
with Al, forming an alloy with 0.67 percent Be(59). ‘The claims of Fitz- 
patrick( 21) that high-beryllium alloys can ve made in this way are erroneous. 
Aluminum and silicon-iron alloys did not reduce a trace of beryllium from 
molten berylliate slags, as the writer found.” . ~. 


: Carbon: Reduction of BeO to Form Alloys 25) 


eae 68) ‘was the first - ‘to make beryllium-copper by reduction of 
Bed with carbon.. The writer repeated the ‘experiments in 1932 and found 
like Lebeau, that separation of metal and residual oxide is difficult. This 
was uniquely due to the. small size of' the furnace “é used. The writer tried, 
‘with success to liquefy the slag by using CaCot58, 87), which melts at about. 
1,600° C., but. the metal picked up as much os 1 percent calcium. A CaF, 
flux is recommended by Gruber for treatment of the reduced metal(26) : 


“The: neat on of Bed with carbon the presence of —— metals or 
their.oxides was put into: practice almost simultaneously in this. country 
and in Germany. The Germans used the high-frequency furnace and worked in 
the beginning either in a vacuum or. under hydrogen, apparently to avoid back 
reaction of the carbon monoxide( 30-32; 79-81). Some add’ metal oxide(53, 75), 
and others, plain metal(23) in lumps or in power form. The oxide produces 
more CO and-is cheaper, than metal: powder,» ‘but beryllium losses must be 
slightly higher, owing to. the larger volume of gase The opinions about 
the best temperature of operation vary. Some work at 1,285° C.(23), some 
at..1,900 to 2,300° C:(26),:. and: some: at 1,600° C.(53), which seems rather 
inconsistent. The arc temperature evidently is somewhat different. 
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The chemistry of the process can be summarized as follows: Beryllium 
oxide is reduced to carbide; beryllium carbide reacts with copper, forming 
beryllide; carbide dissociates, liberating free beryllium according to: 


2 BeO +30 = Ben C+200, 

3 Beno C +2 Cus 2 Bez Cu+ 30, 
Beol — 2 Be + OC, 

3 BeO+3C+ Cu= BezCu + 3C0. 


this latter equation represents a reaction that cannot take place in the 

arc furnace of the type actually used, as it is lined with carbon, and ex 
cess carbon is always present in the reaction zone, so that carbide equilib- — 
ria prevail. The intermetallic compound rules the equilibrium in proportion 
to dilution of beryllium by copper. With copper, the equilibrium of the 
second equation is reached with 4.5 percent Be in the alloy,. which is still 
far from the composition of the compound Bez Cu containing 29.7 percent Be.. 
With nickel, which forms no carbide but a very strong beryllide, NiBe, the 
limit composition is about 13 percent Be, which is very close to the theo- 
retical ratio in the compound. The carbon content may be less than 1 percent. 


Ferroberyllium cannot be made by reduction with carbon. The writer(58) 
produced mixtures with 11 percent Be, 13 percent C, and the remainder iron, 
which disintegrated in air and left iron behind. This was really not iron, 
but a low-beryllium, low-carbon iron alloy, as can be deduced from the work 
of Gaev(22, 56), according to which iron with more than 0.5 percent Be pro- 
duces Be5C, when heated with carbon. The carbide must be fairly soluble in 
liquid iron, but it liquatcs out on cooling. The iron beryllide is evidently 
much weaker than copper or nickel beryllide, so that the equilibrium reaction 
between carbide and beryllide proceeds in favor of the former, 


Some special items are the subject of patents. It is recommended to 
use a loose mixture, the density of which should be below 0.4(53). Others 
use dense material, and copper is added in lumps(23) to collect beryllium 
vapor above the reaction zonee Some suggest dissolving BeoC in the metal 
(79-81) and reacting the bath with BeO, which is a repetition of the old 
iioissan methods used in a great many analogous cases and even described for 
refining nickel beryllium(58). Owing to the high temperature and the fine- 
ness of the materials charged, flue dust is produced, which has to be col~ 
lected and recycled. The beryllium losses of the process amount to 10 per 
cent(72). The analogy with the ferrosilicon process regarding volatilization 
is evident. Some nitride may form, as the furnace is opened temporarily when 
tapping. The operation in an arc furnace in the absence of a slag is unique, 
and it is amazing that the materials react despite the fact that the non- 
metallic part of the batch is powdery. The melting point of BeO is 2,570° 
C.; that of BeoC above 2,100° C., so that if fusion takes place it can be 
only in the immediate vicinity of the arce As copper boils at 2,560° C. 
(90), the reactions in the gas phase must play an important role in the re- 
duction. This process has been the decisive step in making copper—beryllium 
alloys commercial. 
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Fluoride Reduction, - As fluorides can be reduced to beryllium metal 
with alkeli, alkaline-earth metals, and magnesium, it is evident that alloys 
can be made in the same way, and even more successfully, if a beryllide can 
ve formed. Advantages result iff the reducing agent can be alloyed with the 
base metal (for example when using magnesium or calcium-nickel or calcium- 
copper). ‘ Alkali metals do not alloy with copper or nickel and may therefore 
separate from the mixture, come to the bath surface, and burn if no gas seal 
is provided. The use of alkali.metals in the reduction of beryllium fluoride 
is limited, anyway, by the fact that the complex formed is difficult to split, 
as shown above (18). Magnesium or its alloys, while suitable for reducing 
BeFa, reacts back with Near, liberating sodium, if the readily fusible double 
beryllium fluorides are een: Furthermore, the melting ‘diagram, ‘NaF-MeFo, - 
shows that while there is a minimum at 815° C., there is also’a higher melt- 
ing compound, and, as a. whole, the temperature is fairly high. To keep the 
bath fluid, some BeF 5 must remain behind. . This is necessary, also, from the 
point of view of the climination of residual magnesium, because the reaction 
does not proceed to completion. Reclamation of waste salts becomes necessary. 
Typical examples found in une aa literature are: e | 


Mg- Cu + NaF-BeFo(11), 

Li + Ni + BeFp:NaF(89),° ae 
NaF BoP + Na + Me(1, 2), | | 
Mge-Zn + NaF: BeFo(3, Ay. 


This iattex pee caatiGy, which we verified, shows the difficulties re- 
sulting from ‘the absence of beryllide formation, as zinc only dissolves 
beryllium and forms no compound. The complex cannot be split if too low in 
BeFS and sodium .is evolved. - Zinc dissolves about 4 percent Be at 800° C., 
and the neta. “can oe reclaimed by distillation: of the zinc from the alloy. 


“We used ‘quite ee ie the reduction of 2 Be0 5 “BeF made be evapo- 
ration of BeFo liquors with megnesium as. reducing agent. Briquets are made 
from magnesitm, the above. oxyfluoride, and the base-metal powder, or the. mix- 
ture is compressed into.a sheet crucible of the base metal.: The furnace, 
which is of the nicthrome resistor type, is ‘contained in a pressure weescl and 
held under argon during the operation. In‘the moment of the flash, much gas 
is evolved, which is-pormitted to expand through large sections: Anto a rubber 
- balloon. The lining of the-crucible is ‘sintered magnesia powder. The metal 
comes out in ingot. forn, well-melt ved. In this way iron, nickel, and copper- 
beryllium of almost any composition can readily be made with. an "efficiency 
of 90 percent on beryllium.: With large batches, flux like CaFo has to Me 
added, owing to the as amount of heat that is liberated. 
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Aluminum reduces BeF,.to a small extent, and low-grade aluminum 
beryllium alloys can be made even with the double fluoride. Magnesiun or 
colciune-aluminum is more effecient, _ but with wae former some magnesiun re-_ 
moins in the alloy. 


The fluoride reduction for making alloys could be used for obtaining 
suck beryllium alloys, whioh cannot be made in the are furnace, like beryl- 
liun iron. ; 


Chloride reduction. ~ As BeClo is readily reduced by alkali, alkaline- 
carth netals, and magnesium, alloys are easy to male in the same way. Beryl-. 
lide formation favors beryllium reduction. As hes been shown for the fluo~ 
ride -reduction, alloys can bo used that contain the reducing agent. A num 
ber of patents refer to details of the operation. <A gas seal has been 
recognized as important. However this can de avoided, when the mixture is 
compressed in a crucible made of the base metal]. in question and submerged 
in an inert flux(94-95) or submerged in molton beso metal(76). The salts 
noy be reduced first, for example, with sodium, and the nolten or solid. 

solt—berylliun flux may be poured or’ put on the molten base metal(94-96). 
ng reduction may even take place with solid powlery reducing alloy, while 
the salts are-melted(16, 39, 78). The base-metal powler aiso may remain 
solid(74).. These are reactions in the solid. pha&Se, in which diffusion plays 
a najor rolee .Such operation: may be important to avoid evanoration losses 
of Bc0l5, as the temperature may be lowered but still be high endugh to per 
nit rapid diffusion of the reducing element out of and of beryllium into the 
base metal. None of these methods has found commercial uses, as it is easier 
to make copper and nickel beryllium in the arc furnace. However, silver, 
aluminum(11), iron, and silicon alloys could be made by such methods if there 
was any. demand for theme 


Fusion Blectrolysts With Metal Cathode 


" Pluorides and chlorides dissolved in an inert flux have been suggested 
as bath. Most beryllium alloys have a high melting point, which rather re~ 
stricts the.use of a chloride bath to the electrolysis for making low-grade 
aluminum alloys. In the Stock-Goldschmidt process, a molten-copper cathode 
can be used, and the copper may ba added as powder(42, 86). Solid deposits 
can be obrained on copper cathodes(20) as well as on aluminum cathodes( 83) 
when using a very low current density. A number of patents concern the use 
of two compartment cells to produce nee ‘or alloys by: means of an inter- 
nediary molten electrode(10, ug). 


“Alloys parece ly ¥rom Ore os Carbon Redunttea 


‘Beryl ore contains, re avon’ 50 percent Si0,, 10 to 12 percent 
3e0, and the remainder A1,0 The selective reduction of these impurities 
has been the subject of cme patents. ~ Such methods deserve special atten- 
tion in view of the treatment of: low-grade ores to produce the raw material 
for chemical processing. In the presence of iron or copper, silicon can 
be reduced in a first step; but some aluminum enters the alloy if the re- 
duction is pushed to the exhaustion of the silica. This is due to the 
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well~known equilibrium between aluminum, silicon, and their oxides. The 
second plase of the aluminum reduction in the presence of a solvent shows 
overlapping with the beryllium phase. This leads to alloys containing some 
beryllium. Aluminum does not reduce beryllia even in presence of iron(58). 
the contamination with beryllium is due to the back reaction of Be.C with 

the base metal. The slag of the second phase necessarily contains carbides: 
Otherwise, aluminum is not removed from the slag. The back reaction of the 
BeoC with the base metal has been shown above. ‘Sith copper as solvent, mixed 
copper~aluminum-beryllium alloys could be made in the third phase of the 
process(&2). There is no interest in stich alloys at present. 


Some patents refer to the use of a vacuum or an inert atmosphere(29, 
79-81) in the elimination of Si05 and production of a high BeO slag for 
chemical treatment(51), but the main problem of the aluminum-beryllium 
separation has not been successfully solved. | 


Among the many suggestions from Gardner, some(24) closely approximate 
those made by Haglund for the extraction of alumina from clay. When melt- 
ing beryl with carbon and sulfur~bearing agent, beryllium sulfide is made. 
Haglund separates silica contained in clay by melting with carbon and pyrite 
in a hydrogen sulfide atmosphere to produce readily fusible aluminum sulfide 
(which dissolves alumina) and ferrosilicon. Applied to beryl ore, such a 
method would permit easy separation of the silica, but mixed berylliun- 
aluminum sulfides would result. 


CONCLUSIONS 


The methods for making beryllium metal and its alloys are described and 
critically analyzed. Titanium reduces the oxide at a high temperature ina 
good vacuum. The carbon reduction and the dissociation of the carbide, 
nitride, and iodide are not promising. Tne fluoride reduction with magnesiun 
yields pure metal. The difficulties resulting from the use of alkali double 
fluoride are described. In the chloride reduction, the main difficulty is 
that of obtaining an oxide-free beryllium chloride bath to start with. The 
metal is precipitated in highly dispersed form, especially when operating 
on a small scale, and it may react. somewhat with water when leaching the - 
cake. A number of patents referring to this technique are discussed. ‘The 
fusion electrolysis of the fluoride, either according to Lebeau or to Stock- 
Goldschmidt, has been given up, and the reasons are shown. The chloride 
electrolysis of beryllium is described in detail. The latest developments 
epoearing in the patent literature are mentioned. Metal of high purity can 
be made in this way, but it has to be remelted for most uses, as it is ob- 
tained as flakes. The major problem is that of producing cheap and oxide- 
free beryllium chloride. Alloys can be made by reducing BeO with calcium 
in presence of finely divided base metal using CaCl, as a flux, but the ef- 
ficiency is low. The widely used Lebeau process for making copper and nickel 
beryllium by reduction of BeO with carbon in the, presence of these metals or 
their oxides. is examined. It is shown that an equilibrium exists between 
the beryllium carbide formed and the beryllide in the alloy, which results 
in the limit of beryllium concentration, namely, 4.5 percent Be in copper 
and 13 percent in nickel. Iron—beryllium cannot be made by the electric 
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arcefurnace method, because any beryllium content above 0.5 percent is tied 
wp as carbide with excess carbon present. Beryllium fluoride can be reduced 
with magnesium in the presence of a base metal under a gas seal with the for- 
mation of alloys. In the same way, usinz magnesium or sodium, alloys can be 
made from the beryllium chloride in a flux. Iron beryllium alloys may be 
made in this way, but there is no need of using such methods for copper or 
nickel beryllium alloys, which can be made at lower cost in the arc furnace 
by carbon reduction of the beryllium oxide. . The fusion electrolysis with 
molten=metal cathode is restricted by the melting point of the cathode metal. 
Low-grade. aluminum alloys may be made in this waye The thermal reduction 

of beryl ore with carbon in the presence of copper or iron is discussed. The 
‘elimination of silica in the form of a low-grade ferrosilicon is rather easy, 
whereas a sharp separation of aluminum and beryllium cennot be obtained. How 
ever, such a process, in which the bulk of the silica is eliminated, would 
‘be suitable for the beneficiation of low-grade ores if combined with a chemi- 
cal treatment of the enriched slage 
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